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Interview with Medical Director
William M. Kettyle

{ The folfowlag interview widh Medival Diveetor William Keitvle
SWR Y was conducted by mhe Facalty vewsierter (FNEF on A ensi
dtir of thiv vear ]

FNL: Ler's start with a linle background info, and how you
wound up bere at the Institute.

WEK: ["ve Been in practice in Cambridge for about 23 yewrs. For
the first 15 1 was at M Aubum Hospital, practicing internal
medicine and endocrinology. About 10 vears ago | came o the
MIT Medical Depariment. | have had a long relationship with
MIT wia the HST Fropgram where 've taupht endocrine
pathophysiology for 20-plus years. Thad a long-term chronic job
offer from the Medical Department and | finally took them up
un the offer 1o come here. Although [ came as u clinician, 've

aradually become more mvelved in admunistrative maters. For
the last three years [ have boeen the medical divector. By interests

are in patient care and in leaching people how w take care of

patients. | continue to teach in the HST program. Although |
continue to see patients and to teach, much of my time is pow
spent an things admimisirative.

FNL: How many people do you administer? What's the staff”?

WK There are approximalely 280 emiployecs and about 100
contractors who work in the Medical Depariment,

FNL: Fulltime positions?
WEK: There is approxamately |86 full-time stafl. The care iz

provided by 150 full- and part-time elinicians - physicians,
{Canrmued an Poge [

TEacH TALK
Redefining Engineering

Warren Seering

Fr I Nhe distinction belween science and engineering is clear,
“Seience is the process of undersiandimng what is.
Engineering is the process of creating what hasn'tbeen,”

Such descriptions have been credited to Einstein, Von Karman,

and uthers. [ suspect that few here would disagree. The processes

ol science yield understanding. The processss of eogineering

vield amifacts.

Inpractice, engincering and science are sometimes interiwined.
This said, the meaning of the phrase “engineering science” is
unclear wo me. Does n describe a process? st aname given o
engineering domain knowledee? [ it a branch of science” Most
imponantly for me as a member of the engineening faculty, what
isthe relationship between engineenng science ind engineenng?

As 1 try to decipher the meaning of cnginecnng scicnoe, a
thicker of relacd questions appear. Arc we prepanng our
sludents 1o be engineers, scientists, or both? How do the

objectives differ for our undergraduate and praduate students?
What is the role of the Scientific Method in our educational
program” What is the Engineering Method™ What does it mean
10 wach engincenng?

The follawing assertions may bring some clarity. Theengineering
sciencesare fields of science whose domain knowledge is cenral
to the practice of engincering just as the biological sciences ane
Nelds of science whose domain knowledge is emploved by
biologists. Exercising the Scientific Method mn the domam of
engineering vields an understanding of new engineering
knowledge, Our engineering graduate students are being taught
to be engineenng scientists with the ability 1o understand new
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cngineering knowledge. The under-
graduate educational process gives students
an understanding of existing engineenng
knowledge and a level of competence at
aitaining this existing knowledge.

From the perspective of our
undergraduate engineering students, the
distinction between engineering and
science may not be so clear. Most of the
engineering coursework for our
undergraduates produces understanding
(we hope yrather than artifacts. Engineering
cducation may scem like scientific
discovery, because learning processes and
s¢ientific processes share the objective of
creating understanding. To distinguish
among the processes being considered
here, we can say that

= Scientific processes yield an
upderstanding of new knowledge

{universal discovery).
= Educational processes yield an
understanding of existing knowledge

{personal discovery).

= Engineering processes yield artifacts.

The primary objective of our current
mechanical engineering curriculum 18 1o
guide our undergraduates 1o an
understanding of existing engineering
knowledge There is little cmphasizs on
teaching them processes thal engineers
employ as they apply their knowledge.
We are organized to teach the material out
of context, It is understood in educational
circles that knowledge learned in one
conextmay nottransfer readily 1o another,
Therefore, domain knowledge leamed in
the c¢lassroom will nol necessarily be
available fora student o apply on the job,
ar even i another classroom, We've all
seen evidence of this,

Our buas toward teaching domaimn
knowledge ratherthan engineering process
is not surprising, given the mindsel of the
MIT facully as expressed in the 1997
Faculty Survey administered by the Task
Force on Student Life and Learning (M{7T
Facudne Newslerrer, October. 1997). In
specilying elements that define a well-
educatedindividual, 47% ofMthe responding
faculty listed “a fundamental base of

science‘technology ™ while only 14% histed
“the ability to apply knowledge.” This
faculty bias leaves our undergraduares ill
qualified to be engineers. Knowledge has
value for engineers only when they know
how toapply it.and processes forapplying
engineenng knowledge are neither simple
nor obvious.

If knowledge is most useful for
engineering students when it is learned in
the context of doing engineering. then the
great majority of our engineering
undergraduates, whe will be practicing
engineers rather than scientists, would be
better served if we would place greater
emphasis on the engincering process as
part of the educational experience. What,
then, 15 the engineering process? Some of
my colleagues have asserted that the
Scientific Method is the basic process of

engineering. A gquick review of tha
Scwentific Method shows that this cannat
be the case. The Scienufic Method yields

understanding through alignment of a
hypothesis with observation. It does not
yield decisions that define an artifacl
Apain with hopes of bringing clarity, |
will assent that the Engineering Method
has the following steps.

I. Articulate the objective to be
achicved.

2. Geperate a set of candidate plans for
achieving the objective.

3. Evaluste cach candidate in light of
relevant circumstances,

4. Decide which plan is best suited to
achieve the stated objective

5. Pursue the consequences of Lhe
decision.

This Method vields anappropriate course
of action if the engineering olyective is lo
Iransmil torque through a shafl, to reduce
the faslure rate of a manufacturing process,
orto increase the market share of a family
of vehicles I1isapplied. often recursively
and al times in conjunction with the
Scientific Method. throughout the pursun
of engincering goals. One can imagine an
undergraduate engineering curriculum
with one course on each ofthese five steps,
An important difference between the
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Engineering Method and the Scientifie
Method is the outcome The Scentific
Method wields understanding. The
Engineering Method vieldsaplan ofaction
for defining an arti fact, typically a device,
a syslem, a procedure, or 3 service.

To this point my inenl has been 1o
suggest that study of engineenng processes
as well as engineering domain knowledpe
should be included i the undergraduate
engineering curriculum. [ have also
proposed that integrating the practice of
engineering into our undergraduate
curnculum will create a more relevant
context for learning the fundamentals of
engincering domain knowledge, and thus
will increase the likelihood that our
undergraduates will be able to apply this
knowledge when the time comes.
Introducing engineering into the

curniculum, though, will ror be enough,
W must also find more effective ways of
teaching our students 10 understand

engineering fundamenials, or at Jeast not

w0 misunderstand them
The assignment of homework problems
does have the potential o gude students
woward understanding, butthe process has
serious weaknesses. Homework probloms
are more like puzzics than they are like
engineering problems. As with puzzles,
they havea single answer that is known in
advance by the puzzle master {and by
students who have taken Lhe course
previouslyv), Typicallythere is a routing or
algonthm that will yieldthe single desired
solution. The studentsneed only be able 1o
identily the solution templates for puzzles
solved previoushy, alignthe new homewok
puzzlewith the best solutiontemplate, and
make small adjustments to produce the
desired answer. This panem-maiching
strategy allows the students o™ solve” the
puzzle with little if any reliance on asolid
understanding of the domain knowledge.
We assign these puzzles because they
mimmize our workload, they are eazy 1o
prade. When students getthe right answer,
we can delude ourselves inte believing
that they understand the material. But we
(Cemtinged on next page)
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need only spend a few minutes talking
with students individually about the course
material to realize how shallow the
understanding that they 've gained in this
wity actually is. Students participate in
this puzzle conspiracy because they have
developed the template matching skills
{or access 10 tiles of solutions) required 10
solve these puzzles, but they do not
necessarily know how to solveengineering
problema. Se puzzles are what they want
1o see, Frequently students express senous
reservations and sometimes great displeasure
when faced with an enpineering problem
that requires clarification of abjectives,
synthesis, the making of assumptons,
reduction to a form that can be solved, and
interpretation af the resull.

For the last few years | have taught

enginecring mechanics toour sophomores
and the product developiment capstone
course o pur seniors. This has given me
the opportunity to see how much of the

domain knowledge that | taught them as
sophomores they can apply to engineering
problems as seniors. The resulis are
predictably disappointing, Faced with the
task of evaluating alternative design
coneepts, students in the capstone course
routinely show little confidence inapplying
such fundamental notions as control
volUMmEes, vector sums, conservation of
energy, and momenlum principles, It isn’t
that they missed these concepts when they
were taught, Most of them were able to do
the homework and exam puzzles in their
carhier courdes. The megquisiie dumber
received ATk in these courses. But the twvpe
of understanding that they achicved by

solving homework puzzles hasnotenabled
them 10 use this knowledge when faced
with an engineering problem.

This year several of our semor project
wroups developed human powered products,
A student presenting one of the designs had
calculated that about 100 wats of human
powerwould be required todrive hisdevice.
When challenged by a faculty mentor with
the fact that humans cannot be expected 1o
generale more than 30 continuous waus of
power, the student quickly replied. " That's

nu problem. We'll put in a ransmission.”™
The fact that this one studemt did not
understand the implications of the first law
of thermodynamics is not so disappointing
as the fact that none of the ather students in
the section secmed at all toubled by his
response. Given the Limits of their
understanding of the first law, | don’t have
much confidence in their understanding of
the secomd
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This limitation has led some in primary
and secondary education to challenge cur
right 10 claim 1o be educators. We have been
called kings with no clathing. [ find this a bit
strong, but it is fair to question whether we
are in violation of the Amencan Society of
Mechanical Engineering Code of Ethics
which states that ~a mechanicsl engineer
will not aceept a job for which be or she is
not adequately prepared.”

Last year in the sophomore mechanics course, I chose Lo give
my students individual or oral exams . ., .One, who did fairly
wellin answering the questions but who was clearly disturbed
by the experience said at the end of the interview, “Youdidn't
tell us we were supposed to undersiand the material. If you
had, I would have prepared differently.”

Cur capstone course is not unique in this
regard. A video taken at a Harvard
gradust iom of students amd faculty whoare
unable 1o satisfaciorily answerthe question

“Why are there seasons?” is shown in
educational circlestoillustrate the problem
(A Private Universe, Pyramid Media,
1988). Even more troubling for us 1s the
video from the BBC of some of our own
students at MIT's praduation (wearing
their robes) who, given a battery, a light
bulb. and a piece of wire, don’t know how
to make the hight bulb hght {Simple Minds,
BBC Education, 1994, This limitation an
our students” ability 1o reason about basic
course material is well understood by the
comstructivists inour schools ofeducation.
Teaching methods for addressing th
problem are also well understood (" The
Contnibution of Constructivisim.” MW

Faculty Newsfetter, AprilfMay 2001 see
also the miee anticle by Professor David
Darmofal, MIT Faculty Newsferter,
Qctober/Movember 2002} As fcuity,
though. we frequently choose o believe
that to teach means to reveal concepts to
students in a classroom. Can we have
taught the material if the students can’Luse
it? Teaching is a profession with its own
domain knowledge and processes. Many
faculty do notuse besteducational processes
because we are not familiar with them.

g

Last year in the sophomore mechanics
course. | chose 1o give my students
individual oral exams asa way to find out
how well they undersiood Yhe material,

The results were again disappoinnng but
not unexpected. Though most of the
students had solved thehomework puzzles,
and scores on an earlier written exam had
the usual spread, muany of the students
could not discuss the matenal with me for
more than a few minutes withoutrevealing
sericus conceptual misunderstandings. Not
surprisingly, they werne very displeased
about the process. One, who did fanly
well in answenng the guestions but who
was clearly disturbed by the expenence
said @t the end of the interview, “You

didn’t 1ell us we wee samesed lo
wnctersiand the matenal. 11 vau had, |
would have preparcd ddferently,” Then

in a follow-up worthy of an MIT student
she said, “Mow that you ve changed the
rules, how are you gomg 1o change your
teaching?” With her beaurtfully simple
query, she inadvertently initiated the
Engineering Method by articulating the

objective that we need to achicve
Though 1t 15 only pant of the solulion,
teaching engineering domain knowledge
in the context of engineering processes is
a good way o improve our students’
fContinged o et pase)
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abliy v use their knowledge. Bringing
cngineering processes into the classroom,
though, is "messy." Employing the
scientific Method in pursuit of
understanding of enginsening domain
knowledge should yield essentially the
same resull for everyone. Thus it is
comparatively easy tosetexpectations and
o evaluate agamnst them, Exercising the
Engineering Method can produce as many
results as participants. Some results will
be apples; others oranges, making
evaluation time-consuming and difficult.
It 15 no wonder that our facully are not
rushing iobang engineenng inlo our courses
despite the potential benefits of doing so.
[tis fmir 1o ask, " Do weneed ta i ntroduce
this complexity given that our graduating
students will primanly be responsible for
the analvses associated with Step 3 of the
Engincening Mcthod?” Many of the
homewoerk assignments throughout our
core faurscs are zlrecady designed to
emulate pieces of this step. | would say
that these emulations are 15 engineenng
what freg throws are tobasketball. Imagine
a coach whe prepared his basketball team
for the season by having them only shoot
free throws at every pracuce, Among the
Justifications for this coaching strategy
might be the foflowing: The task of
shootunyg free throws is well posed and
easy In assign and evaluate; basketball
players must be pood at shooting free
throws; shots taken during a game ane free
throws to first order; the rest of the game

is a straightforward extension of making
free throws and can bezl be learned by
SXPerence ina game silualion, How will
thes¢ players foel when the game stans?

While few of us would elect 1o play for
this team, we routinely assign our students
o it. When we lead them to believe that
doing engineering means calculating
answers 10 well posed questions, we paint
a vary misleading picture Engincering is
2 contael sport. It is played en o very
competitive playing field by aggressive,
hard-hitting, and highly metivated
members of oppesing teams. There are
winnersand losers. Big money is involved.

People get hurt. Successful teams have
star players who arc richly rewarded,
Winning requires talent. commiiment,
shrewd strategy, and players whoe <an
perform their roles under pressure and in
well-practiced coordination with their
teammates. Having people on the team
with a good base of engincering domain
knowledge helps too.

A successful engineering team is made
up of players with vanous skill sets.
Engineering graduates who chooseto build
their careers on conducting engineering
analyses fall into the industrial category of
“functional engineers.” They are comple-
mented by the “systems engineers™ who
are expected to be responsible for synthesis
and system integration. In our senior
capstone product development course we
see that roughly equal numbers of our

students are inclined toward cach of theac
two galegorics., Successful prodoct
development organizations must include

members of each. Then there is a third
group of students who are good a1 both
functional and systems assignments and
who enjoy both, At MIT we call these
folks the “system architects.” They are an
track to be the industry technical leaders.
A large fraction of our seniors are members
of this group. Our curniculum, which now
primarily servesthe firstcategory ot students,
should be redesigned to better educate the
students in each ol these three categories.

o 1s this another attempt 1o introduce
more material inte a  four-vear
undergraduate curriculum, opening the
fire hose valve even further? (1 find use ol

this metaphor and its accompanying
imagery to be unfortunate. IU mmplies that

those who would control the valve don't
understand the physics of impedance
matching, [t's almost as bad as the MIT
schoolzong which celebratesthe propensity
o “demolish forty beers™) In fact, |
would propose something quite different.
Herb Simon has hypothesized that a
minimum of 10 vears 15 required for a
practitionsr 1o acquire enough “chunks™
of krewledge to gualify as an expert in g
given ficld {Sciences of the Artificial,

i
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MIT Press, 1996). We should set a5 our
academic goal tohave our siudents quahify
as expert engineers by age 30. This gives
us roughly a dozen years to cover the
necessary material  Since ahout half of
our undergraduates goon 1o cam Masters
degrees. this on average makes us
responsible for about five of the vears,
while our industrial colleagues, who
presumably share our goal, ere responsible
for the others. In this thought experiment
| am not considering those underpraduates
who will go on to eam Ph.D deprees and
become practi¢ing engineenng stientists,
because their numbers are small. This is
not to say that they would not be well
served by the curriculum here envisioned.

The task in front of us, then, is to
allocate the teaching responsibilities for
both domain knowledge and engineering

proccsscs among the ncademic and
industnal educators. This will have to be
a strongly collaborative effort. MIT, with

ilsextensive network ofindustrial partners,
is in an excellent pasiuon o lead it There
should be no preconceived notions about
how the teaching of koowledpe and of
processes should be disinbuted, about the
sequencing of industial and academic
experiences, or about how the academic
and imdustrial educators will inieract or
even where they will reside, Because our
students are being prepared for life-long
learning, there should ke no rush to cover
all the domain knowledpe i the firsd few
years, The heavier load will rest on the

shoulders of our industrial colleagues, as

they bave to date been less inclined to see
themselves as providing a structered
cducational cxpericncs i theseengineenng

experts-in-training. There will be plenty
of learning on all sides as we cach work 1o
understand, appreciate, and over time
respect the capabilities, limitabons, and
motivational structures of ourwo cultures,
The altermnative is 1o stay with the existing
| Z-year plan. | suspect that leaders in
engineering education will find a way 12
do better.

[Wearrea Seeving can be reached ot
seeringiimiteda)



